ABSTRACT Aims/Introduction: Fibroblast growth factor (FGF)19 has been shown to improve glycemic homeostasis and lipid metabolism in animal models. In humans, decreased FGF19 level has been described in diabetes. The present study aimed to investigate the expression of FGF19 in gestational diabetes mellitus (GDM) patients. Materials and Methods: Samples for measurement were obtained from 20 women with GDM and 25 healthy controls. The messenger ribonucleic acid (mRNA) and protein expression levels of FGF19, FGF21 and co-receptor b-klotho (KLB) in the placenta, rectus muscle and subcutaneous fat tissues were quantified by real-time quantitative polymerase chain reaction, western blot and immunohistochemistry, respectively. Results: Women with GDM had significantly lower mRNA and protein expressions of FGF19 than control women in the placenta (mRNA 0.33 -0.05 vs 0.72 -0.09; protein 0.34 -0.13 vs 0.85 -0.20) and rectus muscle (mRNA 0.83 -0.11 vs 1.28 -0.19; protein 0.78 -0.24 vs 1.23 -0.39). However, there were no significant differences between GDM women and controls with respect to the expression levels of FGF21 and b-klotho in the placenta and rectus muscle. There were almost no detectable FGF19 and FGF21 expressions in subcutaneous fat tissue. Furthermore, b-klotho expression levels were not different between the GDM and control group in subcutaneous fat. Conclusions: FGF19 expressions are decreased in the placenta and rectus muscle of women with GDM. This might contribute to the pathophysiology or development of GDM.
INTRODUCTION
The endocrine fibroblast growth factor (FGF) subfamily consists of three members, FGF19, FGF21 and FGF23, which have hormone-like actions 1 . Human FGF19 is widely expressed in different organs and tissues. As is well known, FGF19 activates the FGF receptor (FGFR) complex containing a so-called co-receptor b-klotho (KLB) 2 . In the existence of KLB, all of FGFR1c, 2c, 3c and 4 can be activated by both FGF19 and FGF21 3 . FGF19 inhibits bile acid synthesis and induces cell proliferation through the KLB/FGFR4-dependent pathway 2 . Furthermore, FGF19 is believed to improve systemic glucose and lipid homeostasis through the FGFR4-independent pathway, mainly including the KLB/FGFR1c pathway 4 .
It is remarkable that FGF19 has been supposed to be a potential new drug for metabolic diseases, such as diabetes and obesity. High expression of FGF19 seems to ameliorate the excessive weight gain induced by a high-fat diet in murine. In the meantime, the metabolic disorders (including insulin resistance and abnormal lipids profile complicated with obesity) are also improved 5, 6 . Additionally, FGF19 promotes glucose uptake in adipocytes, the same as FGF21 7 . Furthermore, previous studies verified that central FGF19 acted to reduce hypothalamic agouti-related peptide/neuropeptide Y neuronal activity 8 , and accelerate insulin-independent glucose disposal 9 . The placenta is a highly active endocrine organ. It produces many hormones and growth factors with endocrine and paracrine effects. Metabolic dysfunction in the placenta might contribute to maternal and fetal adverse outcomes. A recent study showed that the human placenta expression of FGF21 was abnormally elevated in gestational diabetes mellitus (GDM) 10 . Placental FGF21 might be involved in placental metabolism 10 . Furthermore, our previous study suggested that serum FGF19 levels were decreased in women with GDM, in contrast to FGF21 11 . Both circulating FGF19 and FGF21 expressions were closely correlated to insulin resistance 11 . We speculated that decreased circulating FGF19 expressions might be conducive to the pathophysiology of GDM, whereas elevated circulating FGF21 might be a component of the compensatory reaction to insulin resistance in GDM 11 . However, it is unclear whether FGF19 is expressed in the placenta and whether the expression changes in GDM patients. In addition, studies of insulin-sensitive maternal peripheral tissues showed that the defects of the insulin-signaling pathway resulted in impaired insulin action in adipose tissue and skeletal muscle 12 . Thus, defects of the insulin-signaling pathway might induce the pathological insulin resistance in GDM patients. On the basis of the correlation between FGF19 and insulin resistance, we hypothesized that FGF19 expressions would be altered in the insulin-sensitive tissues of women with GDM.
Furthermore, results from numerous studies showed that FGF19 and FGF21 were both effective for improving lipid and carbohydrate metabolism disorders on multiple organs and tissues 13 . Notably, serum FGF19 expressions were decreased in overweight/obese and type 2 diabetes patients 14 . On the contrary, serum FGF21 expressions were found to be elevated in patients with type 2 diabetes or obese patients 15 . Whether the different expressions between FGF19 and FGF21 are also present in the insulin-sensitive tissues of women with GDM remain unknown.
Therefore, in the current study, we sought to investigate the expressions of FGF19 and its co-receptor KLB in the placenta, skeletal muscle and adipose tissue in pregnant women with and without GDM. Meanwhile, we also measured the expression of FGF21 in this study, because we sought to find the different expressions of the two factors.
METHODS
Participants, clinical data and sample collection The study was carried out at the First Affiliated Hospital of Sun Yat-sen University in Guangzhou, Guangdong, China -a level III tertiary referral university hospital -between October 2014 and December 2015. This analysis is part of an ongoing cohort study. Gravidas who had integrated prenatal data were recruited at the time of screening for GDM. Ethnically Chinese women with a single pregnancy were invited to participant in the present study. The group has been described in our previous study 16 . In total, after matched for gestational and maternal age, 30 women with GDM and 30 healthy pregnant women were enrolled in this study. This study was approved by the ethics committee of The First Affiliated Hospital of Sun Yat-sen University, and all participants received written informed consent before they took part in the study. The study was carried out in accordance with the Declaration of Helsinki.
GDM was diagnosed as long as any of the following blood glucose values met or exceeded the thresholds; that is, fasting glucose ≥5.1 mmol/L, 1-h result ≥10.0 mmol/L and 2-h result ≥8.5 mmol/L, using a 75-g oral glucose tolerance test between the 24th and 28th gestational weeks, following the new diagnostic criteria amended by the Ministry of Health China in 2014 17 . Meanwhile, a fasting blood glucose (FBG) level of 7.0 mmol/L or 2-h postprandial blood glucose level of 11.1 mmol/L was considered to exclude previously undiagnosed diabetes mellitus at any time, despite the pregnancy stage. The women with GDM were given dietary and physical exercise instruction, and carried out self-monitoring of blood glucose; insulin treatment was added when glycemic control remained unsatisfactory.
All the participants underwent elective cesarean sections after 36 6/7 weeks of gestation. Breech presentation and/or previous cesarean section were determined to be the indications for cesarean section. On the day of selective cesarean section, maternal peripheral blood samples were drawn from an antecubital vein at the time between 08.00 and 10.00 hours after overnight fasting (at least 8 h, but not more than 14 h). From an abdominal incision, 1-cm 3 samples of rectus muscle and subcutaneous fat tissue were excised. Furthermore, the placenta was collected at cesarean section and a 1-cm 3 sample of placenta was excised from anatomically healthy parts of the placenta. All of the above samples were immediately refrigerated in liquid nitrogen before storage at -80°C. In addition, 1-cm 3 samples of the above tissues were excised and fixed for 48 h in 4% paraformaldehyde and kept in saturated sucrose solution until embedding for immunohistochemistry.
Ribonucleic acid extraction and real-time polymerase chain reaction A 100-mg sample of placenta was used to extract the total ribonucleic acid (RNA) by TRIzol Lysates were centrifuged for 10 min at 4°C, and the protein content in the supernatant was identified by a bicinchoninic acid assay (P0010; Beyotime). Then, 30 mg of protein was mounted onto the 4-12% gradient NuPAGE Bis-Tris gel (Life Technologies, Carlsbad, CA, USA), and then transferred onto a polyvinylidene difluoride membrane (Millipore, Burlington, MA, USA). After being sealed with 5% non-fat dry milk in phosphate-buffered saline for 1 h, this membrane was incubated overnight with primary antibody for rabbit anti-FGF19 (No. ab154185; Abcam, Cambridge, UK) at 1:1,000, mouse anti-FGF21 at 1 lg/mL (No. WH0026291M1; Sigma-Aldrich, Temecula, CA, USA) or rabbit anti-KLB at 1 lg/mL (ab106794; Abcam) and mouse anti-b-Actin (A5316; Sigma Aldrich) at 1:20,000 in 5% non-fat dry milk in phosphate-buffered saline-Tween 20 at 4°C with agitation. Secondary antibodies, goat anti-rabbit immunoglobulin G (H + L; dilution 1:10,000; 111-035-003; Jackson ImmunoResearch, Baltimore, PA, USA) and goat anti mouse immunoglobulin G horseradish peroxidase (dilution 1:1,500; A0208; Beyotime) were incubated for 1 h at room temperature, and the membranes were incubated with Western Lightning Plus ECL (no. NEL105001EA; PerkinElmer, Waltham, MA, USA). Proteins were tested by the Kodak image station system (Kodak 4000R Pro; Carestream Health, Rochester, NY, USA). Data were corrected for b-actin expression.
Immunohistochemistry
The formalin-fixed, paraffin-embedded tissues were cut into 4-mm thickness, then loaded on the Superfrost slides (FD NeuroTechnologies Inc., Columbia, MD, USA), and incubated for 1 h at 70°C. The slices were first deparaffinized with xylene, and then rehydrated by a series of graded ethanol washes. Slides were heated in citrate buffer (100 mmol/L, pH 6.0) for 10 min, and further incubated for 20 min to retrieve antigen, and afterwards incubated in 3% hydrogen peroxide in methanol to inhibit the activity of endogenous peroxidases. The immunoreactive score, produced by the intensity of staining and mean percentage of positive cells, was assessed by two independent researchers. We counted 100 cells in each area, calculated the intensity of staining and the percentage of positive cells. The intensity of staining was ranked as follows: weak, 1; moderate, 2; and intense, 3. The percentage of positive cells was scored as follows: ≤5%, 0; 6-25%, 1; 26-50%, 3; 51-75%, 4; and ≥75%, 5. Immunoreactive scores ≤2 points were considered as negative, and otherwise as positive: 2-5 points, (+); 5-9 points, (++); and ≥9 points, (+++).
FGF19 and FGF21 enzyme-linked immunosorbent assay
On the basis of the manufacturer's instructions, the serum concentration of FGF19 and 21 was detected by a sandwich enzyme-linked immune sorbent assay (FGF19/FGF21 Quantikine â ELISA kit, Cat. No. DF1900/No. DF2100; R&D Systems, Minneapolis, MN, USA). The standard curve range of this assay was 15.6-1,000 pg/mL and 31.3-2,000 pg/mL, respectively. All of the above samples were repeated twice, and the mean value of the two measurements was used for analyses.
Statistical analysis
The data were analyzed by the Statistical Package for Social Science (SPSS) 20.0 (SPSS Inc., Chicago, IL, USA). Continuous variables with normal distribution were expressed as meanstandard deviation, skewed data as the median with interquartile range and categorical variables as frequencies. The Kolmogorov-Smirnov test was used to detect normality of distribution. Intergroup differences were compared by Student's unpaired t-test or the Mann-Whitney U-test for continuous variables, and the v 2 -test for categorical variables. A P-value <0.05 was used to determine the statistical significance.
RESULTS
In the present study, 30 women with GDM and 30 healthy pregnant women, matched for gestational and maternal age, were recruited. However, 33.3% (10/30) and 16.7% (5/30) of pregnant women in the GDM and control groups were lost to follow up, respectively. A total of 10 women with GDM were excluded for the following reasons: vaginal delivery (n = 3), delivery in other hospitals (n = 3) and personal reasons; for example, withdrawing from the study (n = 4). In contrast, five healthy pregnant women were excluded due to vaginal delivery (n = 2), delivery in other hospitals (n = 1) and personal reasons (n = 2). In the end, 20 women in the GDM group and 25 women in the control group were finally analyzed in the present study. The baseline clinical characteristics of the two groups (control, GDM) are shown in Table 1 . Parameters between the two groups were similar, because the participants were matched for gestational and maternal age. In addition, differences between women with GDM and the control group regarding gravidity, parity, blood pressure and FBG in the first trimester were not statistically significant. By contrast, FBG, 1-and 2-h glucose values during the 75-g oral glucose tolerance test, hemoglobin A1c at the time of oral glucose tolerance test, and prepregnancy and prepartum body mass index were significantly higher in women with GDM as compared with the control group (P < 0.05). The women with GDM were given dietary and physical exercise instruction, and carried out selfmonitoring of blood glucose at fasting and 2 h after each meal four times a day. Insulin treatment had been added when FBG levels were persistently >5.3 mmol/L, or 2-h levels were persistently >6.7 mmol/L. Among 20 women with GDM, just two participants received insulin therapy. The proportion on insulin therapy was 10%. After receiving insulin treatment, both of them achieved the target glucose levels. In contrast, neonatal birthweight and placental weight were higher in the GDM group than those in the control group (P < 0.05). The prevalence of large for gestational age in the GDM group was 10%, whereas in the control group it was 0%. However, the difference between the groups had no statistical significance.
mRNA expression
Women with GDM had significantly lower median mRNA expressions of FGF19 than women in the control group in the placenta (0.33 -0.05 vs 0.72 -0.09, P < 0.01) and rectus muscle (0.83 -0.11 vs 1.28 -0.19, P < 0.01; Figure 1a ). There were no significant differences in the mRNA expressions of FGF21 and KLB in the placenta and rectus muscle (P > 0.05; Figure 1b,c) . Subcutaneous fat mRNA expressions of FGF19 and FGF21 were not detectable in the present study. In addition, KLB mRNA expression levels were not different between the GDM and control groups in subcutaneous fat (P > 0.05; Figure 1c ).
Protein expression
The results of western blot showed that FGF19 protein expressions in the placenta (0.34 -0.13 vs 0.85 -0.20, P < 0.01) and LGA, large for gestational age; NGT, normal glucose tolerance; OGTT, oral glucose tolerance test; SBP, systolic blood pressure.
rectus muscle (0.78 -0.24 vs 1.23 -0.39, P < 0.01) were lower in women with GDM than those in women in the control (Figure 2a ). There were no significant differences in the protein expressions of FGF21 and KLB in the placenta and rectus muscle (P > 0.05; Figure 2b ,c).
There were almost no detectable FGF19 and FGF21 protein expressions in subcutaneous fat tissue. Furthermore, KLB protein expression levels were not different between the GDM and control groups in subcutaneous fat (P > 0.05; Figure 2c ). Immunohistochemistry showed similar results to those of western blot (Figures 3-5) . However, subcutaneous fat tissues were easily dissolved in paraffin section, so the expression of FGF19, FGF21 and KLB in the subcutaneous fat was negative.
Serum levels
Maternal serum FGF19 and FGF21 levels were measured at the end of the third trimester. There were no significant differences between women with GDM and women in the control group in serum levels of both FGF19 and FGF21 (Table 1) .
DISCUSSION
In the current study, to our best knowledge, the presence of FGF19 mRNA and protein were both determined for the first time in pregnant women. FGF19 mRNA and protein determined by PCR, western blot and immunohistochemistry were significantly decreased in GDM placental and rectus muscle tissues. This finding is in accordance with our previous report that circulating FGF19 levels during the second trimester were reduced in GDM patients 11 . However, in the present study, there were no significant differences in serum levels of FGF19 at the time of delivery between women with GDM and women in the control group. Although it can be explained, at least in part, by the mediating effect of strict glycemic control during the third trimester in the clinical setting, the paradoxical findings warranted further exploration.
The placenta, a specific endocrine organ in pregnancy, can secrete many hormones and cytokines to regulate the maternal metabolism and fetal growth. Previous studies showed that there were abnormal expressions of some proteins in the placenta of women with GDM that re associated with insulin resistance [18] [19] [20] . Colomiere et al. 21 reported that post-receptor defects were present in the insulin signaling pathway in the placenta from women complicated by GDM or obesity. Our present study showed that the expression levels of FGF19 mRNA and protein in the placenta were significantly lower in women with GDM than those in women in the control group. Given that FGF19 is strongly associated with insulin resistance; the current finding might provide more evidence to support that endogenous expression levels of insulin-related signaling components in the human term placenta are altered in GDM. In contrast, skeletal muscle is another important secretory organ. As the skeletal muscle accounts for approximate 75% of whole body insulin-stimulated glucose uptake, defects in this tissue could result in insulin resistance 12 .
In this insulin-sensitive maternal peripheral tissue, a previous study showed defects in the insulin signaling pathway, which could be involved in the pathophysiology and development of insulin resistance associated with GDM 12 . Transgenic mice have shown the ectopic expression of FGF19 in skeletal muscle 6 . The present study found the expression of FGF19 in the skeletal muscle of pregnant woman. Simultaneously, we reported the expression levels of FGF19 mRNA and protein in skeletal muscle were significantly lower in GDM women. We cannot identify the mechanism of the different expressions of FGF19 in GDM. However, FGF19 has been implicated in maintaining glucose homeostasis. Thus, it can be speculated that the abnormally decreased expressions of FGF19 in GDM might involve in the development of GDM or GDM-associated complications. Previous functional studies showed that FGF19 combined with FGFR-KLB complex, activating an insulin-independent endocrine pathway to mediate different metabolic effects 13 . In the liver, FGF19 maintains glucose homeostasis by inhibiting gluconeogenesis through the repression of the cyclic adenosine monophosphate response element binding protein/peroxisome proliferator activated receptor c coactivator 1-a and stimulating glycogen synthesis through the suppression of glycogen synthase kinase 3 13 . In adipose tissue, FGF19 increases energy expenditure and insulin sensitivity, and reduces bodyweight and circulating glucose levels 13 . In the brain, FGF19 decreases the activity of agoutirelated peptide/neuropeptide Y, resulting in increased glucose disposal and also improving the glycemic homeostasis 8, 9 . Furthermore, FGF19 appears to inhibit fatty acid synthesis by suppression of lipogenic genes 22 . FGF19 represses the sterol regulatory element-binding protein-1c activity by increasing the signal transducers and activators of transcription 3, and decreasing the peroxisome proliferator activated receptor c coactivator 1-a activity. Sterol regulatory element-binding protein-1c is a critical transcriptional activator of lipogenic genes. In addition, FGF19 stimulates the small heterodimer partner, which is a transcriptional repressor that inhibits the expression of lipogenic enzyme through sterol regulatory element-binding protein-1c-independent mechanisms 22 . If these actions of FGF19 are similar in the placenta and skeletal muscles, the decrease of its expression in GDM might weaken the beneficial effects on glucose homeostasis, so as to lead to the occurrence of GDM. Furthermore, elevated free fatty acid levels were strongly correlated with fetal growth in pregnancies of women with GDM 23 . This might reflect a reduced effect of FGF19 on inhibiting fatty acid synthesis.
In the present study, we failed to find significant differences between GDM women and controls in regard to the expression levels of FGF21 and KLB mRNA, and protein in the placenta or rectus muscle. Dekker et al. 10 have investigated the placental expression of FGF21, KLB, and the transcription factors peroxisome proliferator activated receptor a and peroxisome proliferator activated receptor c in 20 pregnant women with and 18 normal pregnant women without GDM. They showed that late pregnancy serum levels of FGF21 were not different between normoglycemic women and women with GDM. Furthermore, FGF21 was shown to be expressed in endothelial cells, stromal cells and syncytiotrophoblasts in the placenta. The aforementioned findings are in line with those of the present study. However, they reported that FGF21 mRNA and protein levels, and KLB mRNA expression were all significantly increased in placentae from women with GDM compared with normoglycemic women. They speculated that FGF21 could affect placental metabolism. The results are contradictory with the findings from the present study. In Dekker's study, screening for GDM was carried out with a two-step procedure, and the diagnosis of GDM was according to the criteria of the Australasian Diabetes In Pregnancy guidelines. Thus, the glycemic levels in the women with GDM from Dekker's study were obviously higher than those of the participants in the present study. In addition, the prepregnancy body mass indexes of the women with GDM in Dekker's study were also significantly higher than those in the present study. These might be the reasons that partially explain the paradoxical results. Nevertheless, Hojman et al. 24 studied the expression of FGF21 in muscle and plasma after acute insulin stimulation in young healthy adults during a hyperinsulinemic-euglycemic clamp. They found that insulin stimulated muscular expression of FGF21 and increased plasma FGF21 24 . Furthermore, muscular FGF21 expression was associated with hyperinsulinemia. They considered that in the muscles, FGF21 expression seemed to be regulated by the insulin-serine/threonine kinase (Akt) signaling pathway 24 . Intriguingly, their study showed that the association between muscle FGF21 and insulin was only present in men, whereas not in women. They speculated the reason might be based on the sexdependent Akt-signaling pathway 24 . Estrogen stimulates the phosphorylation of Akt and nuclear translocation. A human myocardial study showed that nuclear localization of phosphorAkt was increased in young women 25 . This increased activity of Akt in women might explain the large muscular expression of FGF21 in women, and the relative lack of associations with insulin levels 24 . This conclusion might explain the lack of difference in the muscular FGF21 expression in the present study.
The identification of mouse KLB was first reported in 2000, which encodes a type I membrane protein with high resemblance to klotho 26 . FGFR activity is increased by the presence of the co-receptor-KLB, widely expressed in the liver, brain, pancreas, adipose tissue and so on of rodents 27 . In contrast to Dekker's study 10 , we did not find significant differences between GDM women and controls in regard to the expression levels of KLB mRNA and protein in the placenta or rectus muscle. According to this result, we speculate that the expression of KLB in the placenta or skeletal muscular tissue might not be influenced by the insulin resistance state during GDM. The expression distribution of KLB might be wide and complicated in humans. The precise contribution of KLB to the placenta and systemic metabolism in pregnant women warrants further exploration.
In the present study, we measured the expressions of FGF19 and FGF21 in subcutaneous fat tissue. Unfortunately, there was an absence of detectable FGF19 and FGF21 in subcutaneous fat tissue. This finding is contradictory to what we expected and the previous study 15 . In the present study, we did not isolate the preadipocytes and adipocytes from the subcutaneous adipose tissues. In addition, the biopsy samples of the adipose tissues might be too small. Thus, there were fewer adipocytes ingredients, besides lipids droplets. These defects of the experiment might contribute to the unexpected result. However, it is not clear whether the FGF19 and FGF21 are abundantly expressed in situ in human subcutaneous fat tissues. This problem requires further exploration.
There exist several limitations in the current study. The study design was cross-sectional, reduced FGF19 expression could only be defined as a marker of GDM. We did not address the cause-effect relationship between FGF19 and metabolic disorders in GDM. However, FGF19 has been shown to have beneficial metabolic effects on glucose homeostasis. The abnormal expressions of FGF19 in GDM could be involved in the pathophysiology of GDM and downstream regulation of fetal growth. In addition, we are aware that the FGF19 result was based on relatively small sample numbers. Larger cohort studies are required to provide further reliable results. Furthermore, prospective studies in different ethnic groups should help address whether decreased FGF19 expression is causally associated with the occurrence and development of GDM and its complications or simply in response to the insulin resistance state in GDM.
In conclusion, we find that the expression levels of FGF19 mRNA, and protein in the placenta and rectus muscle are significantly lower in women with GDM than those in healthy pregnant women. However, there are no significant differences between women with GDM and healthy pregnant women as to the expression levels of FGF21 and KLB mRNA, and protein in the placenta and rectus muscle. In view of FGF19 being shown to improve glucose homeostasis and lipid metabolism, the abnormal lower levels of FGF19 in GDM might reduce its beneficial effects, contributing to the pathophysiology or development of GDM.
